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Attorney Docket No. 36856.1307 

RADAR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a radar that detects an object 
by transmitting and receiving a radio wave including a frequency- 
modulated continuous wave. 

2. Description of the Related Art 

FM-CW radars using a millimeter wave have been developed, as on- 
vehicle radars, for example. The FM-CW radar detects an object by 
transmitting and receiving a radio wave including a frequency- 
modulated (FM) continuous wave (CW) . That is to say, the FM-CW 
radar transmits a transmission signal including an ascending- 
modulation section and a descending-modulation section that are 
observed in an alternating manner, where a frequency gradually 
ascends in the ascending-modulation section and gradually descends 
in the descending-modulation section, receives a reception signal 
including a reflection signal transmitted from the object, and 
obtains the relative distance and relative speed of the object based 
on the frequency spectrums of beat signals denoting the frequency 
difference between the transmission signal and the reception signal. 
Further, the FM-CW radar performs the above -described operations for 
a single beam directed to a predetermined azimuth and changes the 
beam azimuth in sequence, thereby calculating the azimuths of 
objects distributed over a predetermined azimuth-angle range. 



In the case where a single object exists, a single projection 
portion is observed in each of the frequency spectrums of beat 
signals corresponding to a reflection wave transmitted from the 
object in the ascending -modulation section and the descending- 
modulation section. Therefore, the relative distance and relative 
speed of the object can be obtained based on the peak frequencies of 
the projection portions, where the peak frequencies include the 
beat-signal frequency in the ascending-modulation section 
(hereinafter referred to as an "upbeat frequency") and the beat- 
signal frequency in the descending-modulation section (hereinafter 
referred to as a "downbeat frequency") . 

However, where a plurality of objects exists in a predetermined 
detection range, a plurality of projection portions is observed in 
the frequency spectrums, for one and the same beam, in the 
ascending-modulation section and the descending-modulation section. 
Therefore, an error may occur in combinations of a plurality of 
upbeat frequencies and a plurality of downbeat frequencies 
(hereinafter referred to as "pairing") . 

Further, where the FM-CW radar is used, as the on-vehicle radar, 
it is crucial to determine whether an object is a vehicle or a 
stationary object. 

Subsequently, Japanese Unexamined Patent Application Publication 
No. 7-98375 (hereinafter referred to as ^^Document 1") discloses a 
radar that determines a predetermined object to be a stationary 
object, where the relative speed of the object is the same as the 
vehicle speed. Also, Japanese Unexamined Patent Application 
Publication No. 5-232214 (hereinafter referred to as ''Document No. 



2") discloses a radar that determines a predetermined object to be a 
stationary object, where the relative speed of the object is the 
same as the vehicle speed and where the spec t rums of beat signals of 
the object spread out. In addition, Japanese Unexamined Patent 
Application Publication No. 11-211811 (hereinafter referred to as 
Document No. 3) discloses a radar that determines a predetermined 
object to be a continuous road-side object, where the frequency 
spectrums of the beat signals have a peak with a predetermined 
density or more. Further, Japanese Unexamined Patent Application 
Publication No. 2000-147103 (hereinafter referred to as Document No. 
4) discloses a radar that infers data on a stationary object from 
the stationary-object-location data in the past. 

However, according to the research of inventors of the present 
invention, the above -described known radars have the following 
problems . 

Where an error occurs during pairing, the radars disclosed in 
Documents No. 1 and No. 2 cannot detect a stationary object and 
erroneously detect a moving object at a predetermined distance in 
the direction of the stationary object. 

The radar disclosed in Document No. 3 cannot detect a 
predetermined object, such as a road- side object, where the object 
has a small width in the azimuth direction, as in the case of a road 
sign, a column of some kind, and so forth. 

In the case of a continuous road- side object or the like, the 
intensity of a reflection signal transmitted from the same position 
(azimuth) is not high at all times. Therefore, it is not easy for 
the radar disclosed in Document No. 4 to extract the continuous 

3 



road- side object based on historical data. 

SUMMARY OF THE INVENTION 

In order to overcome the problems described above, preferred 
embodiments of the present invention provide a radar that solves the 
above -described problems and that can detect a stationary object 
with ease and stability, and reduce mis-pairing. 

According to a preferred embodiment of the present invention, a 
radar includes a transmission-and-reception element for transmitting 
a transmission signal including an ascending-modulation section 
where a frequency gradually increases and a descending-modulation 
section where the frequency gradually decreases in an alternating 
manner and receiving a reception signal including a reflection 
signal transmitted from an object, a frequency-analysis element for • 
obtaining data on the frequency spectrum of a beat signal indicating 
the frequency difference between the transmission signal and the 
reception signal, a pair-extraction element for extracting a pair of 
first and second projection portions obtained from the same object, 
where the first projection portion is observed in the frequency 
spectrum of a beat signal of the ascending-modulation section and 
the second projection portion is observed in the frequency spectrum 
of a beat signal of the descending-modulation section, and a 
detection element for detecting at least one of the relative 
distance and relative speed of the object based on frequencies of 
the two projection portions of the extracted pair. 

The radar is characterized in that an element for inputting data 
on the moving speed of a moving object having the radar mounted 
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thereon is provided, where the moving speed is measured by a 
predetermined element other than the radar, and the pair-extraction 
element inversely calculates the frequency difference between the 
projection portions observed in the frequency spectrums of the beat 
signals in the ascending-modulation section and the descending- 
modulation section based on the moving-speed data, where the 
frequency difference corresponds to a stationary object, and 
extracts a pair corresponding to the frequency difference on a 
priority basis. 

The pair-extraction element calculates the coincidence of the 
signal intensity of the first projection portion and the signal 
intensity of the second projection portion, extracts a combination 
showing high coincidence on a priority basis, as a pair, and assigns 
a high weight to the signal-intensity coincidence of a pair showing 
the frequency difference corresponding to the stationary object. 

Further, various preferred embodiments of the present invention 
preferably include a scanning element for changing the beam azimuth 
of the transmission signal over a predetermined scanning range. The 
pair-extraction element calculates the coincidence of azimuths of 
the first and second projection portions, extracts a combination 
showing high coincidence on a priority basis, as a pair, and assigns 
a high weight to the azimuth coincidence of a pair showing the 
frequency difference corresponding to the station object. 

Further, according to various preferred embodiments of the 
present invention, the pair-extraction element calculates the degree 
of correlation between signal -intensity profiles in the azimuth 
direction of the first and second projection portions, extracts a 



combination showing a high correlation degree on a priority basis, 
as a pair, and assigns a high weight to the correlation degree of a 
pair showing the frequency difference corresponding to the 
stationary object. 

Further, the present invention provides a continuous stationary 
object detection element for detecting a continuous stationary 
object based on a predetermined number of the pairs showing the 
frequency difference corresponding to the stationary object that 
exist along at least one of the azimuth direction and the distance 
direction. 

Further, various preferred embodiments of the present invention 
include a pair extraction error determining unit for identifying a 
pair extraction error based on a predetermined pair showing the 
frequency difference corresponding to the stationary object that is 
detected in a predetermined area where the continuous stationary 
object exists. 

Further, in various preferred embodiments of the present 
invention, when a predetermined object is detected beyond the 
continuous stationary object, the detection result is not outputted. 

Other features, elements, steps, characteristics and advantages 
of the present invention will become more apparent from the 
following detailed description of preferred embodiments with 
reference to the attached drawings. 

Brief Description of the Drawings 
Fig. 1 is a block diagram showing the configuration of a radar. 
Fig. 2 shows an example frequency difference between beat 
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signals observed in an ascending-modulation section and a 
descending-modulation section of the radar. 

Fig. 3 shows example objects of various kinds ahead of a vehicle. 
Fig. 4 shows example frequency spectrums of the beat signals 
observed in the ascending-modulation section and the descending- 
modulation section. 

Fig. 5 is a flowchart showing processing procedures performed by 
the radar. 

Figs. 6A and 6B illustrate an example state and example 
frequency spectrums of vehicles ahead of a vehicle. 

Fig. 7 illustrates an example difference between the signal 
intensity of a projection portion observed in the frequency spectrum 
of the beat signal in the ascending-modulation section and the 
signal intensity of a projection portion observed in the frequency 
spectrum of the beat signal in the descending-modulation section. 

Figs. 8A and 8B show an example distribution of projection 
portions observed in the frequency spectrums of the beat signals on 
the beam-azimuth axis and the frequency axis. 

Figs. 9A and 9B show example signal -intensity profiles in the 
azimuth direction of projection-portion groups. 

Figs. lOA-lOC illustrate an example continuous stationary object 
and an example area where the continuous stationary object exists. 

Fig. 11 shows an example moving object falsely detected in the 
continuous -stationary-object area . 

Fig. 12 shows an example location relationship between the 
continuous -stationary- object area and other detected objects. 

Fig. 13 is a flowchart showing processing procedures relating to 
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the continuous stationary object. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Fig. 1 is a block diagram showing the configuration of a radar 
according to a preferred embodiment of the present invention. 

In Fig. 1, reference numeral 1 denotes an RF block and reference 
numeral 2 denotes a signal -processing block. The RF block 1 
transmits and receives radio waves for radar measurement and 
transmits beat signals of a transmission wave and a reception wave 
to the signal -processing block 2. A modulation counter 11 of the 
signal-processing block 2 performs counting, so that a DA converter 
10 generates a triangular-wave signal, as a result. Then, the 
modulation counter 11 transmits the value to the DA converter 10. 
The DA converter 10 converts the value to an analog-voltage signal 
and transmits the analog-voltage signal to a VCO (voltage control 
oscillator) 8 of the RF block 1, whereby the transmission wave is 
frequency modulated. That is to say, an oscillation signal of the 
VCO 8 is transmitted to a primary radiator 4 via an isolator 7, a 
coupler 6, and a circulator 5. The primary radiator 4 is provided 
on or near a focal plane of a dielectric lens 3 and the dielectric 
lens 3 transmits a millimeter-wave signal radiated from the primary 
radiator 4, as a sharp beam. Where a reflection wave transmitted 
from an object (a vehicle or the like) is incident on the primary 
radiator 4 via the dielectric lens 3, a reception signal is 
transmitted to a mixer 9 via the circulator 5. The reception signal 
and a local signal that is part of the transmission signal 
transmitted from the coupler 6 are transmitted to the mixer 9. Then, 
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a beat signal corresponding to the signal of the difference between 
the frequency of the reception signal and that of the local signal 
is transmitted to an AD converter 12 of the signal -processing block 
2, as an intermediate- frequency signal. The AD converter 12 
converts the intermediate -frequency signal to digital data. A DSP 
{digital -signal processor) 13 performs FFT (fast Fourier 
transformation) processing for a data string transmitted from the AD 
converter 12 and calculates a relative distance to and a relative 
speed of the object, which will be described later. 

A portion 16 of the RF block 1 denotes a scan unit for causing 
the primary radiator 4 to move parallel to itself on the focal plane 
of the dielectric lens 3, or a plane parallel to the focal plane. A 
0-dB coupler is formed between a movable unit where the primary 
radiator 4 is provided and the fixed-unit side. A portion indicated 
by reference character M denotes the driving motor thereof. The 
motor allows beam scanning to be performed in a predetermined area 
of from negative ten degrees to positive ten degrees in a cycle of 
100 ms, for example. 

Reference numeral 14 shown in the signal -processing block 2 
denotes a microprocessor for controlling the modulation counter 11 
and the scan unit 16. The microprocessor 14 determines the counting 
cycle for the scan unit 16 so that the beam azimuth is directed at a 
predetermined angle and the VCO 8 is modulated by a triangular wave 
corresponding to a single crest of an ascending section and a 
descending section within the standstill time period of the scan 
unit 6. The microprocessor 14 corresponds to a "scanning element" 
of preferred embodiments of the present invention. The 
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microprocessor 14 extracts a pair of a projection portion observed 
in a frequency spectrum of an ascending-modulation section and a 
projection portion observed in a frequency spectrum of a descending- 
modulation section that are obtained by the DSP 13 (pairing) . 
Further, a vehicle-speed sensor 15 detects the vehicle speed and the 
microprocessor 14 reads the vehicle speed from the vehicle-speed 
sensor 15 and performs pairing for a pair corresponding to a 
stationary item on a priority basis. 

Fig. 2 shows an example difference between the frequency change 
of the transmission signal and that of the reception signal caused 
by the distance to and the relative speed of the object. An upbeat 
frequency fgu tneans the frequency difference between the transmission 
signal and the reception signal during the frequency of the 
transmission signal increases. Further, a downbeat frequency fgu 
means the frequency difference between the transmission signal and 
the reception signal during the frequency of the transmission signal 
decreases. The symbol Af denotes the frequency- shift width. The 
discrepancy between the triangular wave of the transmission signal 
and that of the reception signal on the time axis (the time 
difference) corresponds to a time period required for a radio wave 
to travel between an antenna and the object. Further, the 
discrepancy between the transmission signal and the reception signal 
on the frequency axis corresponds to a Doppler-shif t amount 
generated due to the object's speed relative to the antenna. The 
values of the upbeat fgu and the downbeat f^^ change according to the 
time difference and the Doppler-shif t amount. That is to say, the 
distance between the radar and the object, and the object's speed 



relative to the radar are calculated by detecting the frequency of 
the upbeat and that of the downbeat. 

Fig. 3 shows an example relationship between the azimuths of 
transmission and reception beams of the radar and a plurality of 
objects. Here, the sign Bo denotes a frontal direction of the 
vehicle mounted on the vehicle. B + 1, B + 2, and so forth indicate 
beam azimuths obtained where the beam azimuth is modified from the 
front to the right. Similarly, B - 1, B - 2, and so forth indicate 
beam azimuths obtained where the beam azimuth is modified from the 
front to the left. 

Objects 0B2 and 0B5 indicated by circles shown in Fig. 3 denote 
fixed objects on the road side. Further, objects OBI, 0B3 , and 0B4 
indicated by squares denote other vehicles ahead of the subject 
vehicle. The traveling directions of the other vehicles are 
indicated by arrows. 

In Fig. 3, the relative speed to the road- side objects including 
the 0B2, 0B5, and so forth, and stationary objects such as parked 
vehicles on the road is the same as the subject -vehicle speed. 
Therefore, pairing is performed by using data on the subject -vehicle 
speed obtained by a vehicle- speed sensor, so as to increase the 
pairing accuracy. 

When traveling under normal conditions free of congestion, 
objects picked up by the radar are stationary objects including a 
guardrail, a sign, a sound-proof wall, a street light, and so forth, 
in most cases. Further, in most times, traveling vehicles keep a 
predetermined distance therebetween except when the road is 
congested. Therefore, the distance between two vehicles hardly 



corresponds to the frequency difference (the difference between the 
upbeat frequency and the downbeat frequency) that is almost the same 
as that in the case of a stationary object. 

Therefore, the frequency difference between the projection 
portions observed in the frequency spectrums of the ascending- 
modulation section and the descending-modulation section is 
inversely calculated based on the subject -vehicle speed, a pair 
corresponding to the frequency difference is extracted, and the 
other projection portions are paired up with one another. 
Subsequently, the distance and speed of a moving object is 
calculated. 

Fig. 4 shows example frequency spectrums of beat signals in the 
ascending-modulation section and the descending-modulation section. 
Here, a solid line indicates the frequency spectrum of the beat 
signal in the ascending-modulation section and a broken line 
indicates the frequency spectrum of the beat signal in the 
descending-modulation section. In the frequency range shown in Fig. 
4, three projection portions are observed in the beat signal in the 
ascending-modulation section and two projection portions are 
observed in the beat signal in the descending -modulation section. 
Further, if the center frequency fO of a modulation signal is shown 
by the expression fO = 76.5 GHz, where the subject-vehicle speed V 
is approximately 100 km/h, at that time, the difference between the 
frequency of the beat signal in the ascending-modulation section and 
the frequency of the beat signal in the descending-modulation 
section is shown, as below. 

feu - fBD = 4 * fO * V/c 
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=28.3 kHz 

Here, the letter c indicates the speed of light. 

In the example shovm in Fig. 4, the frequency differences 
between the two projection portions observed in the frequency 
spectrum of the beat signal in the ascending-modulation section and 
the two projection portions generated in the frequency spectrum of 
the beat signal of the descending-modulation section are 
approximately 28.3 kHz. Therefore, the projection portions are 
extracted, as pairs. That is to say, two stationary objects are 
detected. 

However, since extracting projection portions showing the 
frequency difference corresponding to a stationary object is 
inadequate, the following problems occur. 

In the above-described example, where the frequency-shift width 
Af is about 3 00 MHz, the reciprocal of a modulation cycle, that is, 
the modulation frequency fm is about 500 Hz, and two vehicles travel 
at a speed of about 100 km/h with a distance of about 14.1 m 
therebetween, the frequency difference fg (= feu " ^bq) between the 
beat signals is expressed by: 

fg = 4 * R * fm * Af/c 

= 4 * 14.1 * 500 * 3.0 * 108/3.0 * lO^ 
= 2 8.2 kHz. 

Here, the letter R indicates a distance and the letter c indicates 
the speed of light. 

According to the above-described relationship, the peak- 
frequency distance between the projection portions generated by 
reflection waves of the two vehicles substantially matches with the 
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frequency difference caused by the stationary objects. 

Fig. 6 shows the above -described example. Fig. 6 shows the 
state of the frequency spectrums of beat signals and two vehicles in 
the ascending-modulation section and the descending-modulation 
section. Fig. 6 (A) shows a spectrum generated by a vehicle at 0 
km/h, that is, a stationary vehicle and Fig. 6(B) shows a spectrum 
generated by the two vehicles traveling ahead of the own vehicle at 
a predetermined distance therefrom at the speed of about 100 km/h 
with a distance of about 14 . 1 m therebetween. 

Where two projection portions generated by two objects are 
paired with each other in the above-described manner, projection 
portions having the frequency difference of about 28.3 kHz 
corresponding to the stationary object may be paired off with each 
other and extracted on a priority basis. 

Further, in other cases, the traveling object may be 
misidentif ied as a stationary object, even though a tight turn, a 
vehicle traveling unsafely, and so forth exist. 

Subsequently, instead of pairing a combination whose frequency 
difference between beat signals in the ascending-modulation section 
and the descending-modulation section corresponds to the frequency 
difference caused by a stationary object, a more suitable 
combination should be extracted, as a pair. Therefore, the 
following processing is performed. 

Fig. 5 is a flowchart showing processing procedures performed by 
the DSP 13 and the microprocessor 14 shown in Fig. 1. First, data 
on the subject-vehicle speed is read from the vehicle-speed sensor 
15 (si) . Then, a beam is steered in an initial azimuth under the 
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control of the scan unit 16 (s2) . In that state, the beat-signal 
digital data converted through the A/D converter 12 is obtained, as 
many as a predetermined sampling number, and subjected to FFT 
processing {s3 s4) . 

Then, a crest-shaped projection portion of the signal intensity 
of the frequency spectrum is detected, and the peak frequency of the 
projection portion and the signal intensity corresponding to the 
peak frequency are extracted (s5) . 

After that, by referring a peak frequency extracted in the 
previous adjacent beam azimuth and the signal intensity thereof, it 
is determined to which group the peak frequency in the current beam 
azimuth and the signal intensity thereof should belong {s6) . That 
is to say, peak frequencies whose differences correspond to a 
predetermined frequency or lower are grouped. 

Then, the beam azimuth is shifted by as much as a single beam 
and the same processing is performed {n7 -> s8 s3 • • • ) . 

By performing the above-described processing repetitively up to 
the final beam, a peak frequency spectrum is obtained for each beam 
azimuth in the ascending-modulation section and the descending- 
modulation section over a detection range having a predetermined 
width extending in the azimuth direction. 

Next, the representative azimuth, representative peak frequency, 
and representative signal intensity of each group are obtained, as a 
pair candidate, and a level profile in the azimuth direction is 
obtained (s9) . For example, the center azimuth of a predetermined 
group extending in the beam-azimuth direction and the frequency-axis 
direction is determined to be the representative azimuth and the 
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center of a predetermined frequency range extending on the frequency 
axis in the above -described azimuth is determined to be the 
representative peak frequency, and the signal intensity of the 
representative peak frequency is determined to be the representative 
signal intensity. Further, the change in the signal intensity in 
the azimuth direction of the representative frequency of the group 
is obtained, as a signal -intensity profile. The above -described 
representative values of each group are obtained for each of the 
ascending-modulation section and the descending-modulation section. 

After that, the coincidence of predetermined pair candidates 
showing a frequency difference corresponding to a stationary object 
is weighted, so that the pair candidates are paired up with each 
other on a priority basis. Subsequently, pairing is performed 
(slO ^ sll) . 

Here, the signal-intensity coincidence is determined to be Ma, 
the coincidence of the azimuths is determined to be Md, and the 
coincidence of the signal -intensity profiles is determined to be Mc. 
Where the weight of the pair-evaluation value indicating pair 
characteristics is determined to be m, the pair-evaluation value E 
is expressed by: 

E = m(Ma * Md * Mc) Equation (1) . 

The above -described coincidences Ma, Md, and Mc are coefficients of 
from zero to one and the weight m is a value of at least one. 

The pair-evaluation value E is obtained for each of the possible 
combinations of the representative values of the extracted 
projection-portion groups, as the pair candidates, and the pair 
candidates are paired up with one another in order of decreasing 



values. The above -described weight m gives a large value greater 
than one to a predetermined pair showing the frequency difference 
corresponding to the stationary object. As for the other pairs, the 
value of m is expressed by the equation m = 1 . 

In the above-described example, the pair-evaluation value E is 
obtained by assigning the weight m to the signal -intensity 
coincidence, the azimuth coincidence, and the signal -intensity- 
profile coincidence. However, the above -described three 
coincidences may be modified separately so that the combination 
showing the frequency difference corresponding to the stationary 
object is extracted on the priority basis, as a pair. 

Fig. 7 shows an example where the signal -intensity coincidence 
is modified. Here, reference characters A and B denote projection 
portions observed in the frequency spectrum of the beat signal in 
the ascending-modulation section and reference characters a and P 
denote projection portions observed in the frequency spectrum of the 
beat signal in the descending-modulation section. Here, in the 
example shown in Fig. 7, the signal -intensity difference between a 
and A is about 3 dB, and the signal -intensity difference between a 
and B is about 1 dB. However, since the combination of a and A 
presents the frequency difference corresponding to the stationary 
object, the signal - intensity difference is decreased by as much as 
about 3 dB, and the signal -intensity coincidence is obtained. 
Therefore, the signal -intensity difference between a and A becomes 0 
dB after the modification, so that the priority of the combination 
of a and A is higher than that of the combination of a and B. Where 
the signal -intensity coincidence after the modification is 
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determined to be Ma', the entire pair-evaluation value E is 
expressed by: 

E = (Ma' * Md * Mc) Equation (2) . 

Fig. 8 shows an example where the coincidence of the azimuths is 
modified. Fig. 8(A) shows the peak frequency of the projection 
portion observed in the frequency spectrum of the beat signal in the 
ascending-modulation section for each of beams of different azimuths 
and Fig. 8(B) shows the peak frequency of the projection portion 
observed in the frequency spectrum of the beat signal in the 
descending-modulation section. Here, the horizontal axis shows the 
beam azimuths and the vertical axis shows the frequencies of the 
projection portions in the frequency spectrums so that the beam 
azimuths and the frequencies are expressed by Cartesian coordinates. 

In the above-described example, the group Gul including a 
projection portion extending along the azimuth direction and the 
frequency-axis direction in the ascending-modulation section, 
centered on the beam azimuth Bj and the frequency Fa, is observed, 
as shown in Fig. 8(A). Further, as shown in Fig. 8(B), the group 
Gdl including a projection portion extending along the azimuth 
direction and the frequency-axis direction in the descending- 
modulation section, centered on the beam azimuth Bi and the 
frequency Fb, is observed. Further, the group Gd2 including a 
projection portion extending along the azimuth direction and the 
frequency- axis direction in the descending-modulation section, 
centered on the beam azimuth Bk and the frequency Fc, is observed. 

Where the frequency difference between the representative 
frequency Fa of the group Gul and the representative frequency Fc of 
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the group Gd2 is the frequency difference corresponding to the 
stationary object, and an azimuth-angle difference between the 
representative azimuth Bj of the group Gul and the representative 
azimuth Bk of the group Gd2 is within about ± 1.0®, the azimuths are 
considered to be the same as each other. Since the frequency 
difference between the representative frequency Fa of the group Gul 
and the representative frequency Fb of the group Gdl does not 
correspond to the stationary object, the angle difference between 
the representative azimuths of both the groups is regarded as the 
difference between the beam azimuth Bj and the beam azimuth Bi. 

Thus, the coincidences of the azimuths are modified. Where the 
azimuth coincidence after the modification is determined to be Md', 
the entire pair-evaluation value E is expressed by: 

E = (Ma * Md' * Mc) Equation (2) . 

Fig. 9 shows example modification of the coincidence of the 
signal -intensity profiles. Here, the representative -frequency 
difference between the group Gul and the group Gdl is the frequency 
difference corresponding to the stationary object, the coincidence 
of both the signal-intensity profiles is modified, so as to be 
increased. For example, where the coincidence of the signal - 
intensity profiles is calculated, as a correlation coefficient, the 
difference between the correlation-coefficient value and 1.0 is 
reduced at a predetermined rate (e.g., about 1/2) for evaluation. 
For example, where the correlation coefficient of the signal- 
intensity profiles of the groups Gul and Gdl is about 0.7 and the 
correlation coefficient of the signal -intensity profiles of the 
groups Gul and Gd2 is about 0.8, the former is modified, as shown by 



the expression 0.7 + (1 - 0.7) / 2 = 0.85, so that the coincidence 
of the signal-intensity profiles increases. 

The coincidence of the signal -intensity profiles after the 
modification is determined to be Mc ' , the entire pair-evaluation 
value E is expressed by: 

E = (Ma * Md * Mc') Equation (3) . 

Next, the details of processing performed by a radar according 
to a second preferred embodiment will be described with reference to 
Figs. 10 to 13. 

Fig. 10 shows the locations of objects calculated by using the 
pairs extracted according to the method shown in the first preferred 
embodiment of the present invention. Black circles indicate the 
locations of objects. Where the objects include a continuous road- 
side object such as a guardrail, a soundproof wall, a median, the 
wall of a building, and so forth, a plurality of stationary objects 
close to one another is detected, as shown in Fig. 10(A). The 
above -described sequence of stationary objects is determined to be a 
continuous stationary object. In an example shown in Fig. 10(A), 
two continuous stationary objects Al and A2 are determined. 

Determination as to whether or not the stationary objects are 
close to each other is performed by grouping stationary objects 
detected in a predetermined distance and a predetermined azimuth- 
angle range. For example, where a stationary object OBb exists 
within a predetermined distance and a predetermined azimuth-angle 
range with reference to a predetermined stationary object OBa, as 
shown in Fig. 10(B), it is determined that the stationary object OBb 
belongs to the same group that the stationary object OBa belongs to. 



Next, the same processing is performed for the stationary object OBb 
and grouping is performed in sequence. 

The above -described processing may be performed on the Cartesian 
coordinates, as shown in Fig. 10(C). That is to say, stationary 
objects existing in a predetermined distance range on the Cartesian 
coordinates may be grouped in sequence. 

Since an area determined to be the continuous stationary object 
in the above -described manner denotes the guardrail, the soundproof 
wall, the median, or the wall of the building, for example, a moving 
object does not exist in the area in normal times. Subsequently, if 
the moving object falsely exists in the area of the continuous 
stationary object, as a result of calculating the location and speed 
of the object based on the frequency difference extracted as a pair, 
the pair is regarded as a pair generated by mis -pairing. For 
example, as shown in Fig. 11, moving objects that travel at the 
speed of about 30 km/h and the speed of about 80 km/h and that 
falsely exist in an area Al of the continuous stationary object are 
regarded as a pair generated by mis -pairing. Similarly, a moving 
object that falsely exists in an area A2 of the continuous 
stationary object and that travels at the speed of about 20 km/h is 
regarded as a pair generated by mis -pairing. 

Further, where a moving object actually exists in the area of 
the continuous stationary object, the detection result can be 
removed, without adversely affecting the probability of detection of 
an object traveling on the road. 

Further, since an object falsely detected beyond the area of the 
continuous stationary object is often a vehicle traveling on the 



lane beyond a median (the opposite lane) , or a mirror image 
generated by the soundproof wall, the wall of a tunnel, and so forth, 
the detection result is removed. For example, in Fig. 12, an object 
OBd is a vehicle that actually travels ahead of the own vehicle. 
However, an object OBe is a mirror image of the OBd generated due to 
the area A2 of the continuous stationary object, or a vehicle 
reversely traveling on the opposite lane, where the area A2 is the 
median. Subsequently, the detection result relating to the object 
OBe is removed and not transmitted to a host system. 

Further, since a sign, a land bridge, and so forth, which exist 
on the road are often detected as stationary objects, the above- 
described removal processing is not performed for objects beyond a 
continuous stationary object existing along the traveling direction 
of the subject vehicle. Further, the traveling direction of the 
subject vehicle can be detected based on the steering angle of a 
steering wheel, the yaw rate, and the data obtained by a car 
navigation system or the like. 

Fig. 13 is a flowchart illustrating procedures performed for the 
above-described processing. The processing is performed, following 
the processing procedures described in the first preferred 
embodiment, as shown in Fig. 5. 

First, it is determined whether or not the above -described 
continuous stationary object exists, and an area including the 
continuous stationary object is calculated (s21 -> s22) . Then, it is 
determined whether or not a moving object falsely exists in the area 
of the continuous stationary object {s23) . A combination (pairing) 
indicating that the moving object falsely exists in the area of the 



continuous stationary object is determined to be mis -pairing, and 
pairing is performed again, so as to avoid performing such pairing 
(s24) . 

Further, where a moving object falsely exists beyond the area of 
a continuous stationary object, the detection result of the object 
is removed {s25) . After that, data on a new detection result is 
generated and transmitted to the host system (s26) . 

As described above, the present invention allows for extracting 
of a pair that is a combination of projection portions observed in 
the frequency spectrums of beat signals in an ascending-modulation 
section and a descending-modulation section on the priority basis, 
where the frequency difference between the projection portions 
corresponds to a stationary object. Therefore, the stationary 
object can be easily detected and other objects other than the 
stationary object, such as vehicles traveling ahead, can be detected 
with increased reliability and accuracy. 

Further, according to various preferred embodiments of the 
present invention, relating to the coincidence of the signal 
intensity of a first projection portion observed in the frequency 
spectrum of a beat signal in the ascending-modulation section and 
that of a second projection portion observed in the frequency 
spectrum of a beat signal in the descending-modulation section, a 
weight is assigned to the signal- intensity coincidence of the pair 
showing the frequency difference corresponding to the stationary 
object. Therefore, the mis-pairing probability is significantly 
reduced and a pair generated by the stationary object can be 
detected with increased reliability and accuracy. 



Further, according to various preferred embodiments of the 
present invention, the beam azimuth of a transmission signal is 
changed over a predetermined scanning range, the coincidence of 
azimuths of the first and second projection portions is calculated, 
a combination showing high coincidence is extracted on a priority 
basis as a pair, and a high weight is assigned to the azimuth 
coincidence of a pair showing the frequency difference corresponding 
to the stationary object. Subsequently, the mis-pairing probability 
is relatively reduced and the pair generated by the stationary 
object can be detected with increased reliability and accuracy. 

Similarly, where a pair showing high coincidence of signal- 
intensity profiles in the azimuth direction is extracted on a 
priority basis, a high weight is assigned to the azimuth coincidence 
of a pair showing the frequency difference corresponding to the 
stationary object. Therefore, the mis-pairing probability is 
relatively reduced and the pair generated by the stationary object 
can be detected with increased stability. 

Further, according to various preferred embodiments of the 
present invention, a continuous stationary object is determined 
based on the continuity of the azimuth direction or distance 
direction of a pair showing the frequency difference corresponding 
to the stationary object. Therefore, the areas of continuous 
stationary objects forming the majority of detected objects can be 
detected with stability and moving objects such as vehicles 
traveling relatively ahead can be detected with stability. 

Further, according to various preferred embodiments of the 
present invention, where a moving object is falsely detected in the 
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area of the continuous stationary object, an extracted pair 
corresponding thereto is determined to be an error. Therefore, 
pair-extraction errors are reduced with increased reliability. 

Further, according to various preferred embodiments of the 
present invention, where an object is detected beyond the continuous 
stationary object, the detection result is not output. Therefore, 
it becomes possible to output only a significant object of detected 
objects to the host system, reduce the entire data processing amount, 
and perform processing based on the detection result with high speed. 

Thus, the radar of various preferred embodiments of the present 
invention can easily detect a stationary object and search for an 
object other than the stationary object, such as a vehicle traveling 
ahead, with increased reliability and accuracy. 

While the present invention has been described with respect to 
preferred embodiments, it will be apparent to those skilled in the art 
that the disclosed invention may be modified in numerous ways and may 
assume many embodiments other than those specifically set out and 
described above. Accordingly, it is intended by the appended claims 
to cover all modifications of the invention which fall within the 
true spirit and scope of the invention. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a radar that detects an object 
by transmitting and receiving a radio wave including a frequency- 
modulated continuous wave. 

Daclcground Art 

Hitherto, 2. Description of the Related Art 

FM-CW radars using a millimeter wave have been developed, as on- 

vehicle radars, for example. The FM-CW radar detects an object by 
transmitting and receiving a radio wave including a frequency- 
modulated (FM) continuous wave (CW) . That is to say, the FM-CW 
radar transmits a transmission signal including an ascending- 
modulation section and a descending-modulation section that are 
observed in an alternating manner, where a frequency gradually 
ascends in the ascending-modulation section and gradually descends 
in the descending-modulation section, receives a reception signal 
including a reflection signal transmitted from the object, and 
obtains the relative distance and relative speed of the object based 
on the frequency spectrums of beat signals denoting the frequency 
difference between the transmission signal and the reception signal. 
Further, the FM-CW radar performs the above-described operations for 
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a single beam directed to a predetermined azimuth and changes the 
beam azimuth in sequence, thereby calculating the azimuths of 
objects distributed over a predetermined azimuth-angle range. 

In the case where a single object exists, a single projection 
portion is observed in each of the frequency spectrums of beat 
signals corresponding to a reflection wave transmitted from the 
object in the ascending-modulation section and the descending- 
modulation section. Therefore, the relative distance and relative 
speed of the object can be obtained based on the peak frequencies of 
the projection portions, where the peak frequencies include the 
beat-signal frequency in the ascending-modulation section 
(hereinafter referred to as an "upbeat frequency") and the beat- 
signal frequency in the descending-modulation section (hereinafter 
referred to as a "downbeat frequency") . 

However, where a plurality of objects exists in a predetermined 
detection range, a plurality of projection portions is observed in 
the frequency spectrums, for one and the same beam, in the 
ascending-modulation section and the descending-modulation section. 
Therefore, an error may occur in combinations of a plurality of 
upbeat frequencies and a plurality of downbeat frequencies 
(hereinafter referred to as "pairing") . 

Further, where the FM-CW radar is used, as the on-vehicle radar, 
it is crucial to determine whether an object is a vehicle or a 
stationary object. 

Subsequently, Japanese Unexamined Patent Application Publication 
No. 7-98375 (hereinafter referred to as ^^ Document No. 1 ; Japancoe 
Unexamined Patent Application Publication No. 7 0 8 375 ") discloses a 
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radar that determines a predetermined object to be a stationary- 
object, where the relative speed of the object is the same as the 
vehicle speed. Also, Japanese Unexamined Patent Application 
Publication No. 5-232214 (hereinafter referred to as '' Document No . 
2-: — Japancoc Unexamined Patent Application Publication No. — &— 
232214 ") discloses a radar that determines a predetermined object 
to be a stationary object, where the relative speed of the object is 
the same as the vehicle speed and where the spectrums of beat 
signals of the object spread out. — In addition, Japanese Unexamined 
Patent Application Publication No. 11-211811 (hereinafter referred 
to as Document No. 3-t — Japancoc Unexamined Patent Application 
Publication No. — 11 211 8 11 ) discloses a radar that determines a 
predetermined object to be a continuous road- side object, where the 
frequency spectrums of the beat signals have a peak with a 
predetermined density or more. Further, Japanese Unexamined Patent 
Application Publication No. 2000-147103 (hereinafter referred to as 
Document No. 4 : Japancoc Unexamined Patent Application Publication 
No. 2000 147103 ) discloses a radar that infers data on a stationary- 
object from the stationary-object -location data in the past. 

However, according to the research of inventors of the present 
invention, the above-described known radars have the following 
problems . 

Where an error occurs during pairing, the radars disclosed in 
Documents No. 1 and No. 2 cannot detect a stationary object and 
erroneously detects a moving object at a predetermined distance in 
the direction of the stationary object. 

The radar disclosed in Document No. 3 cannot detect a 
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predetermined object, such as a road- side object, where the object 
has a small width in the azimuth direction, as in the case of a road 
sign, a column of some kind, and so forth. 

In the case of a continuous road- side object or the like, the 
intensity of a reflection signal transmitted from the same position 
(azimuth) is not high at all times. Therefore, it is not easy for 
the radar disclosed in Document No. 4 to extract the continuous 
road-side object based on historical data. 

Subocqucntly, — an object of the prcocnt invention io 

SUMMARY OF THE INVENTION 

In order to provide a radar for aolving the above overcome the 

problems described above, preferred embodiments of the present 
invention provide a radar that solves the above-described p robl ems— 
go ao to and that can detect a stationary object with ease and 
stability, and reduce mis^pairing. 

Diocloauro According to a preferred embodiment of Invention 

The the p resent invention providco^ a radar including includes a 

transmission-and-reception element for transmitting a transmission 
signal including an ascending-modulation section where a frequency 
gradually increases and a descending-modulation section where the 
frequency gradually decreases in an alternating manner and receiving 
a reception signal including a reflection signal transmitted from an 
object, 

^_a frequency-analysis element for obtaining data on the 

frequency spectrum of a beat signal indicating the frequency 
difference between the transmission signal and the reception signal, 



_dL pair-extraction element for extracting a pair of first and 

second projection portions cauood by ono an d obtained from the same 
object, where the first projection portion is observed in the 
frequency spectrum of a beat signal of the ascending-modulation 
section and the second projection portion is observed in the 
frequency spectrum of a beat signal of the descending-modulation 
section, and 

a predetermine d a detection element for detecting at least one 

of the relative distance and relative speed of the object based on 
frequencies of the two projection portions forming thc of the 
extracted pair. 

The radar is characterized in that a predetermined an element 
for inputting data on the moving speed of a moving object having the 
radar mounted thereon is provided, where the moving speed is 
measured by a predetermined element other than the radar, and 

^_the pair-extraction element inversely calculates the frequency 

difference between the projection portions observed in the frequency 
spectrums of the beat signals in the ascending-modulation section 
and the descending-modulation section based on the moving- speed data, 
where the frequency difference corresponds to a stationary object, 
and extracts a pair corresponding to the frequency difference on a 
priority basis. 

The pair-extraction element calculates the coincidence of the 
signal intensity of the first projection portion and the signal 
intensity of the second projection portion, extracts a combination 
showing high coincidence on a priority basis, as a pair, and assigns 
a high weight to the signal -intensity coincidence of a pair showing 
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the frequency difference corresponding to the stationary object. 

Further, various preferred embodiments of the present invention 
includcQ pref erably include a scanning element for changing the beam 
azimuth of the transmission signal over a predetermined scanning 
range. The pair-extraction element calculates the coincidence of 
azimuths of the first and second projection portions, extracts a 
combination showing high coincidence on a priority basis, as a pair, 
and assigns a high weight to the azimuth coincidence of a pair 
showing the frequency difference corresponding to the station object. 

Further, according to various preferred embodiments of the 
present invention, the pair-extraction element calculates the degree 
of correlation between signal- intensity profiles in the azimuth 
direction of the first and second projection portions, extracts a 
combination showing a high correlation degree on a priority basis, 
as a pair, and assigns a high weight to the correlation degree of a 
pair showing the frequency difference corresponding to the 
stationary object. 

Further, the present invention provides a prcdctormincd 
continuous stationary object detection e 1 emen t-: — Wheae e for detecting 
a continuous stationary object based on a predetermined number of 
the pairs showing the frequency difference corresponding to the 
stationary object that exist along at least one of the azimuth 
direction and the distance directio n, the clement dctcrminco the 
pairo to bo a continuouo otationary object . 

Further, various preferred embodiments of the present invention 
providoo include a predetermined clement. — Wfee ^pair extraction error 
determining unit for identifying a pair extraction error based on a 
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predetermined pair showing the frequency difference corresponding to 
the stationary object that is detected in a predetermined area where 
the continuous stationary object existST — the clement dctcrminco that 
the pair extraction io an error . 

Further, in various preferred embodiments of the present 
invention providco a prcdGtcrmincd clement. — Where , when a 
predetermined object is detected beyond the continuous stationary 
object, the clement dooo detection result is not output the 
detection reoult outputted . 

Other features, elements, steps, characteristics and advantages 

of the present invention will become more apparent from the 
following detailed description of preferred embodiments with 
reference to the attached drawings. 

Brief Description of the Drawings 
Fig. 1 is a block diagram showing the configuration of a radar. 
Fig. 2 shows an example frequency difference between beat 

signals observed in an ascending-modulation section and a 

descending-modulation section of the radar. 

Fig. 3 shows example objects of various kinds ahead of a n own 

vehicle . 

Fig. 4 shows example frequency spectrums of the beat signals 
observed in the ascending-modulation section and the descending- 
modulation section. 

Fig. 5 is a flowchart showing processing procedures performed by 
the radar. 

Fig. 6 illustrates an example state and example frequency 
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spectrums of vehicles ahead of the own a vehicle. 

Fig, 7 illustrates an example difference between the signal 
intensity of a projection portion observed in the frequency spectrum 
of the beat signal in the ascending-modulation section and the 
signal intensity of a projection portion observed in the frequency 
spectrum of the beat signal in the descending-modulation section. 

Fig. 8 shows an example distribution of projection portions 
observed in the frequency spectrums of the beat signals on the beam- 
azimuth axis and the frequency axis. 

Fig. 9 shows example signal-intensity profiles in the azimuth 
direction of projection-portion groups. 

Fig. 10 illustrates an example continuous stationary object and 
an example area where the continuous stationary object exists. 

Fig. 11 shows an example moving object falsely detected in the 
continuous-stationary-object area . 

Fig. 12 shows an example location relationship between the 
continuous-stationary-object area and other detected objects. 

Fig. 13 is a flowchart showing processing procedures relating to 
the continuous stationary object. 

Boot Modo for Carrying Out the Invention 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 is a block diagram showing the configuration of a radar 
according to a aa preferred embodiment of the present invention. 

In Fig. 1, reference numeral 1 denotes an RF block and reference 
numeral 2 denotes a signal -processing block. The RF block 1 
transmits and receives radio waves for radar measurement and 
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transmits beat signals of a transmission wave and a reception wave 
to the signal -processing block 2. A modulation counter 11 of the 
signal -processing block 2 performs counting, so that a DA converter 
10 generates a triangular -wave signal, as a result. Then, the 
modulation counter 11 transmits the value to the DA converter 10. 
The DA converter 10 converts the value to an analog-voltage signal 
and transmits the analog-voltage signal to a VCO (voltage control 
oscillator) 8 of the RF block 1, whereby the transmission wave is 
frequency modulated. That is to say, an oscillation signal of the 
VCO 8 is transmitted to a primary radiator 4 via an isolator 7, a 
coupler 6, and a circulator 5. The primary radiator 4 is provided 
on or near a focal plane of a dielectric lens 3 and the dielectric 
lens 3 transmits a millimeter-wave signal radiated from the primary 
radiator 4, as a sharp beam. Where a reflection wave transmitted 
from an object (a vehicle or the like) is made incident on the 
primary radiator 4 via the dielectric lens 3, a reception signal is 
jred ^transmitted to a mixer 9 via the circulator 5. The reception 
signal and a local signal that is part of the transmission signal 
transmitted from the coupler 6 are transmitted to the mixer 9. Then, 
a beat signal corresponding to the signal of the difference between 
the frequency of the reception signal and that of the local signal 
is transmitted to an AD converter 12 of the signal -processing block 
2, as an intermediate- frequency signal. The AD converter 12 
converts the intermediate -frequency signal to digital data. A DSP 
(digital -signal processor) 13 performs FFT (fast Fourier 
transformation) processing for a data string transmitted from the AD 
converter 12 and calculates a relative distance to and a relative 
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speed -feeof the object, which will be described later. 

A portion 16 of the RF block 1 denotes a scan unit for 
making causing the primary radiator 4 to m ove parallel to itself on 
the focal plane of the dielectric lens 3 , or a plane parallel to the 
focal plane. A 0-dB coupler is formed between a movable unit where 
the primary radiator 4 is provided and the fixed-unit side. A 
portion indicated by reference character M denotes the driving motor 
thereof. The motor allows performing b eam scanning to be performed 
in a predetermined area of from negative ten degrees to positive ten 
degrees in a cycle of 100 ms, for example. 

Reference numeral 14 shown in the signal-processing block 2 
denotes a microprocessor for controlling the modulation counter 11 
and the scan unit 16. The microprocessor 14 determines the counting 
cycle for the scan unit 16 so that the beam azimuth is directed at a 
predetermined angle and the VCO 8 is modulated by a triangular wave 
corresponding to a single crest of an ascending section and a 
descending section within the standstill time period of the scan 
unit 6. The microprocessor 14 corresponds to a "scanning element" 
relating to the of preferred embodiments of the p resent invention. 
The microprocessor 14 extracts a pair of a projection portion 
observed in a frequency spectrum of an ascending-modulation section 
and a projection portion observed in a frequency spectrum of a 
descending-modulation section that are obtained by the DSP 13 
(pairing) . Further, a vehicle-speed sensor 15 detects the own 
vehicle speed and the microprocessor 14 reads the ewa-vehicle speed 
from the vehicle- speed sensor 15 and performs pairing for a pair 
corresponding to a stationary item on a priority basis. 
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Fig. 2 shows an example difference between the frecjuency change 
of the transmission signal and that of the reception signal caused 
by the distance to and the relative speed ^of the object. An 
upbeat frequency fgy means the frequency difference between the 
transmission signal and the reception signal during the frequency of 
the transmission signal increases. Further, a downbeat frequency f^j^ 
means the frequency difference between the transmission signal and 
the reception signal during the frequency of the transmission signal 
decreases. The symbol Af denotes the frequency- shift width. The 
discrepancy between the triangular wave of the transmission signal 
and that of the reception signal on the time axis (the time 
difference) corresponds to a time period required for a radio wave 
to travel between an antenna and the object. Further, the 
discrepancy between the transmission signal and the reception signal 
on the frequency axis corresponds to a Doppler- shift amount 
generated due to the object's speed relative opccd to the antenna. 
The values of the upbeat f^u and the downbeat fgo change according to 
the time difference and the Doppler-shif t amount. That is to say, 
the distance between the radar and the object^ and the object's 
speed relative opccd to the radar are calculated by detecting the 
frequency of the upbeat and that of the downbeat. 

Fig. 3 shows an example relationship between the azimuths of 
transmission and reception beams of the radar and a plurality of 
objects. Here, the sign Bo denotes a frontal direction of the 
vehicle mounted on the own v ehicle. B + 1, B + 2, and so forth 
indicate beam azimuths obtained where the beam azimuth is modified 
from the front to the right. Similarly, B - 1, B - 2, and so forth 



indicate beam azimuths obtained where the beam azimuth is modified 
from the front to the left. 

Objects 0B2 and 0B5 indicated by circles shown in Fig. 3 denote 
fixed objects on the road side. Further, objects OBI, 0B3 , and 0B4 
indicated by squares denote other vehicles ahead of the e^subj_ect 
vehicle. The traveling directions of the other vehicles are 
indicated by arrows. 

In Fig. 3, the relative speed to the road-side objects including 
the 0B2, 0B5, and so forth, and stationary objects such as 
pcrkc dp arked vehicles on the road is the same as the ew ftsubject - 
vehicle speed. Therefore, pairing is performed by using data on the 
ew tsubj ect -vehicle speed obtained by a vehicle-speed sensor, so as 
to increase the pairing accuracy. 

When WG travel traveling u nder normal conditions free of 
congestion, objects picked up by the radar are stationary objects 
including a guardrail, a sign, a sound-proof wall, a street light, 
and so forth, in most cases. Further, in most times, traveling 
vehicles keep a predetermined distance therebetween except when the 
road is congested. Therefore, the distance between two vehicles 
hardly corresponds to the frequency difference (the difference 
between the upbeat frequency and the downbeat frequency) that is 
almost the same as that in the case of a stationary object. 

Therefore, the frequency difference between the projection 
portions observed in the frequency spectrums of the ascending- 
modulation section and the descending-modulation section is 
inversely calculated based on the ew ftsub j ect -vehicle speed, a pair 
corresponding to the frequency difference is extracted, and the 
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other projection portions are paired up with one another. 
Subsequently, the distance and speed of a moving object is 
calculated. 

Fig. 4 shows example frequency spectrums of beat signals in the 
ascending-modulation section and the descending-modulation section. 
Here, a solid line indicates the frequency spectrum of the beat 
signal in the ascending-modulation section and a broken line 
indicates the frequency spectrum of the beat signal in the 
descending-modulation section. In the frequency range shown in Fig. 
4, three projection portions are observed in the beat signal in the 
ascending-modulation section and two projection portions are 
observed in the beat signal in the descending-modulation section. 
Further, if the center frequency fO of a modulation signal is shown 
by the expression fO = 76.5 GHz, where the ew Hsub j ect -vehicle speed 
V is approximately 100 km/h, at that time, the difference between 
the frequency of the beat signal in the ascending-modulation section 
and the frequency of the beat signal in the descending-modulation 
section is shown, as below. 

fsu - fBD = 4 * fO * V/c 
=28.3 kHz 

Here, the letter c indicates the speed of light. 

In the example shown in Fig. 4, the frequency differences 
between the two projection portions observed in the frequency 
spectrum of the beat signal in the ascending-modulation section and 
the two projection portions generated in the frequency spectrum of 
the beat signal of the descending-modulation section are 
approximately 28.3 kHz. Therefore, the projection portions are 
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extracted, as pairs. That is to say, two stationary objects are 
detected. 

However, since extracting projection portions showing the 
frequency difference corresponding to a stationary object is 
inadequate, the following problems occur. 

In the above -described example, where the frequency- shift width 
Af is about 3 00 MHz, the reciprocal of a modulation cycle, that is, 
the modulation frequency fm is about 500 Hz, and two vehicles travel 
at a speed of about 100 km/h with a distance of about 14.1 m 
therebetween, the frequency difference fg {= feu - feo) between the 
beat signals is expressed by: 

fg = 4 * R * fm * Af/c 

= 4 * 14.1 * 500 * 3.0 * 108/3.0 * 10^ 
=28.2 kHz. 

Here, the letter R indicates a distance and the letter c indicates 
the speed of light. 

^According to the above-described relationship, the peak- 
frequency distance between the projection portions generated by 
reflection waves of the two vehicles substantially matches with the 
frequency difference caused by the stationary objects. 

Fig. 6 shows the above -described example. Fig. 6 shows the 
state of the frequency spectrums of beat signals and two vehicles in 
the ascending-modulation section and the descending-modulation 
section. Fig. 6(A) shows a spectrum generated by a vehicle at 0 
km/h, that is, a stationary vehicle and Fig. 6(B) shows a spectrum 
generated by the two vehicles traveling ahead of the own vehicle at 
a predetermined distance therefrom at the speed of about 100 km/h 
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with a distance of about 14,1 m therebetween. 

Where two projection portions generated by two objects are 

paired with each other in the above -described manner, projection 

portions ahowing having the frequency difference of about 2 8.3 kHz 

corresponding to the stationary object may be paired off with each 

other and extracted on a priority basis. 

Further, in other cases, the traveling object may be 

misidentif ied as a stationary object, even though a tight turn, a 

vehicle traveling unsafely, and so forth exist. 

Subsequently, instead of pairing a combination whose frequency 
difference between beat signals in the ascending-modulation section 
and the descending-modulation section corresponds to the frequency 
difference caused by a stationary object, a more suitable 
combination should be extracted, as a pair. Therefore, the 
following processing is performed. 

Fig. 5 is a flowchart showing processing procedures performed by 
the DSP 13 and the microprocessor 14 shown in Fig. 1. First, data 
on the ew Rsub j ect - vehicle speed is read from the vehicle-speed 
sensor 15 (si) . Then, a beam is steered in an initial azimuth under 
the control of the scan unit 16 (s2) . In that state, the beat- 
signal digital data converted through the A/D converter 12 is 
obtained, as many as a predetermined sampling number, and subjected 
to FFT processing (s3 ^ s4) . 

Then, a crest -shaped projection portion of the signal intensity 
of the frequency spectrum is detected, and the peak frequency of the 
projection portion and the signal intensity corresponding to the 
peak frequency are extracted (s5) . 



After that, by referring a peak frequency extracted in the 
previous adjacent beam azimuth and the signal intensity thereof, it 
is determined to which group the peak frequency in the current beam 
azimuth and the signal intensity thereof should belong (s6) . That 
is to say, peak frequencies whose differences correspond to a 
predetermined frequency or lower are grouped. 

Then, the beam azimuth is shifted by as much as a single beam 
and the same processing is performed (n7 -> s8 -> s3 ->•••) . 

By performing the above-described processing repetitively up to 
the final beam, a peak frequency spectrum is obtained for each beam 
azimuth in the ascending-modulation section and the descending- 
modulation section over a detection range having a predetermined 
width extending in the azimuth direction. 

Next, the representative azimuth, representative peak frequency, 
and representative signal intensity of each group are obtained, as a 
pair candidate, and a level profile in the azimuth direction is 
obtained {s9) . For example, the center azimuth of a predetermined 
group extending in the beam-azimuth direction and the frequency-axis 
direction is determined to be the representative azimuth and the 
center of a predetermined frequency range extending on the frequency 
axis in the above -described azimuth is determined to be the 
representative peak frequency, and the signal intensity of the 
representative peak frequency is determined to be the representative 
signal intensity. Further, the change in the signal intensity in 
the azimuth direction of the representative frequency of the group 
is obtained, as a signal-intensity profile. The above- described 
representative values of each group are obtained for each of the 



ascending-modulation section and the descending-modulation section. 

After that, the coincidence of predetermined pair candidates 
showing a frequency difference corresponding to a stationary object 
is weighted, so that the pair candidates are paired up with each 
other on a priority basis. Subsequently, pairing is performed 
(slO sll) . 

Here, the signal -intensity coincidence is determined to be Ma, 
the coincidence of the azimuths is determined to be Md, and the 
coincidence of the signal -intensity profiles is determined to be Mc. 
Where the weight of the pair -evaluation value indicating pair 
characteristics is determined to be m, the pair-evaluation value E 
is expressed by: 

E = m(Ma * Md ♦ Mc) Equation (1) . 

The above-described coincidences Ma, Md, and Mc are coefficients of 
from zero to one and the weight m is a value of at least one. 

The pair-evaluation value E is obtained for each of the p ossible 
combinations of the representative values of the extracted 
projection-portion groups extracted , as the pair candidates, and the 
pair candidates are paired up with one another in order of 
decreasing values. The above-described weight m gives a large value 
greater than one to a predetermined pair showing the frequency 
difference corresponding to the stationary object. As for the other 
pairs, the value of m is expressed by the equation m = 1. 

In the above -described example, the pair-evaluation value E is 
obtained by assigning the weight m to the signal -intensity 
coincidence, the azimuth coincidence, and the signal -intensity- 
profile coincidence. However, the above-described three 

17 



coincidences may be modified separately so that the combination 
showing the frequency difference corresponding to the stationary 
object is extracted on the priority basis, as a pair. 

Fig. 7 shows an example where the signal - intensity coincidence 
is modified. Here, reference characters A and B denote projection 
portions observed in the frequency spectrum of the beat signal in 
the ascending-modulation section and reference characters a and P 
denote projection portions observed in the frequency spectrum of the 
beat signal in the descending-modulation section. Here, in the 
example shown in Fig. 7, the signal-intensity difference between a 
and A is about 3 dB, and the signal -intensity difference between a 
and B is about 1 dB. However, since the combination of a and A 
presents the frequency difference corresponding to the stationary 
object, the signal -intensity difference is decreased by as much as 
about 3 dB, and the signal -intensity coincidence is obtained. 
Therefore, the signal -intensity difference between a and A becomes 0 
dB after the modification, so that the priority of the combination 
of a and A is higher than that of the combination of a and B. Where 
the signal -intensity coincidence after the modification is 
determined to be Ma', the entire pair-evaluation value E is 
expressed by: 

E = (Ma' * Md * Mc) Equation (2) . 

Fig. 8 shows an example where the coincidence of the azimuths is 
modified. Fig. 8(A) shows the peak frequency of the projection 
portion observed in the frequency spectrum of the beat signal in the 
ascending-modulation section for each of beams of different azimuths 
and Fig. 8(B) shows the peak frequency of the projection portion 
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observed in the frequency spectrum of the beat signal in the 
descending-modulation section. Here, the horizontal axis shows the 
beam azimuths and the vertical axis shows the frequencies of the 
projection portions in the frequency spectrums so that the beam 
azimuths and the frequencies are expressed by Cartesian coordinates. 

In the above -described example, the group Gul including a 
projection portion extending along the azimuth direction and the 
frequency- axis direction in the ascending-modulation section, 
centered on the beam azimuth Bj and the frequency Fa, is observed, 
as shown in Fig. 8(A) . Further, as shown in Fig. 8 (B) , the group 
Gdl including a projection portion extending along the azimuth 
direction and the frequency-axis direction in the descending- 
modulation section, centered on the beam azimuth Bi and the 
frequency Fb, is observed. Further, the group Gd2 including a 
projection portion extending along the azimuth direction and the 
frequency- axis direction in the descending-modulation section, 
centered on the beam azimuth Bk and the frequency Fc, is observed. 

Where the frequency difference between the representative 
frequency Fa of the group Gul and the representative frequency Fc of 
the group Gd2 is the frequency difference corresponding to the 
stationary object, and an azimuth-angle difference between the 
representative azimuth Bj of the group Gul and the representative 
azimuth Bk of the group Gd2 is within about ± 1.0°, the azimuths are 
considered to be the same as each other. Since the frequency 
difference between the representative frequency Fa of the group Gul 
and the representative frequency Fb of the group Gdl does not 
correspond to the stationary object, the angle difference between 



the representative azimuths of both the groups is regarded as the 
difference between the beam azimuth Bj and the beam azimuth Bi. 

Thus, the coincidences of the azimuths are modified. Where the 
azimuth coincidence after the modification is determined to be Md', 
the entire pair-evaluation value E is expressed by: 

E = (Ma * Md' * Mc) Equation (2) . 

Fig. 9 shows example modification of the coincidence of the 
signal-intensity profiles. Here, the representative- frequency 
difference between the group Gul and the group Gdl is the frequency 
difference corresponding to the stationary object, the coincidence 
of both the signal-intensity profiles is modified, so as to be 
increased. For example, where the coincidence of the signal - 
intensity profiles is calculated, as a correlation coefficient, the 
difference between the correlation-coefficient value and 1.0 is 
reduced at a predetermined rate (e.g -., about 1/2) for evaluation. 
For example, where the correlation coefficient of the signal - 
intensity profiles of the groups Gul and Gdl is about 0 . 7 and the 
correlation coefficient of the signal -intensity profiles of the 
groups Gul and Gd2 is about 0.8, the former is modified, as shown by 
the expression 0.7+ (1-0.7) /2=0.85, so that the coincidence 
of the signal -intensity profiles increases. 

The coincidence of the signal -intensity profiles after the 
modification is determined to be Mc • , the entire pair-evaluation 
value E is expressed by: 

E = (Ma * Md * Mc') Equation (3) . 

Next, the details of processing performed by a radar according 
to a second preferred embodiment will be described with reference to 
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Figs. 10 to 13. 

Fig. 10 shows the locations of objects calculated by using the 
pairs extracted according to the method shovm in the first preferred 
embodiment of the present invention . Black circles indicate the 
locations of objects. Where the objects include a continuous road- 
side object such as a guardrail, a soundproof wall, a median, the 
wall of a building, and so forth, a plurality of stationary objects 
close to one another is detected, as shown in Fig. 10(A) . The 
above -described sequence of stationary objects is determined to be a 
continuous stationary object. In an example shown in Fig. 10(A), 
two continuous stationary objects Al and A2 are determined. 

Determination as to w hether or not the stationary objects are 
close to each other is performed by grouping stationary objects 
detected in a predetermined distance and a predetermined azimuth- 
angle range. For example, where a stationary object OBb exists 
within a predetermined distance and a predetermined azimuth-angle 
range with reference to a predetermined stationary object OBa, as 
shown in Fig. 10(B), it is determined that the stationary object OBb 
belongs to the same group that the stationary object OBa belongs to. 
Next, the same processing is performed for the stationary object OBb 
and grouping is performed in sequence. 

The above-described processing may be performed on the Cartesian 
coordinates, as shown in Fig. 10(C). That is to say, stationary 
objects existing in a predetermined distance range on the Cartesian 
coordinates may be grouped in sequence. 

Since an area determined to be the continuous stationary object 
in the above-described manner denotes the guardrail, the soundproof 



wall, the median, or the wall of the building, for example, a moving 
object does not exist in the area in normal times. Subsequently, if 
the moving object falsely exists in the area of the continuous 
stationary object, as a result of calculating the location and speed 
of the object based on the frequency difference extracted- as a pair, 
the pair is regarded as a pair generated by miss-pairing. For 
example, as shown in Fig. 11, moving objects that travel at the 
speed of about 3 0 km/h and the speed of about 80 km/h and that 
falsely exist in an area Al of the continuous stationary object are 
regarded as a pair generated by mise-pairing. Similarly, a moving 
object that falsely exists in an area A2 of the continuous 
stationary object and that travels at the speed of about 20 km/h is 
regarded as a pair generated by mise-pairing. 

Further, where a moving object actually exists in the area of 
the continuous stationary object, the detection result can be 
removed, without adversely affecting the probability of detection of 
an object traveling on the road. 

Further, since an object falsely detected beyond the area of the 
continuous stationary object is often a vehicle traveling on the 
lane beyond a median (the opposite lane) , or a mirror image 
generated by the soundproof wall, the wall of a tunnel, and so forth, 
the detection result is removed. For example, in Fig. 12, an object 
OBd is a vehicle that actually travels ahead of the own vehicle. 
However, an object OBe is a mirror image of the OBd generated due to 
the area A2 of the continuous stationary object, or a vehicle 
reversely traveling on the opposite lane, where the area A2 is the 
median. Subsequently, the detection result relating to the object 



OBe is removed and not transmitted to a host system. 

Further, since a sign, a land bridge, and so forth, that which 
exist on the road are often detected- as stationary objects, the 
above-described r cmo v i ng r emova 1 processing is not performed for 
objects beyond a continuous stationary object existing along the 
traveling direction of the ew RSubject vehicle. Further, the 
traveling direction of the ew asubject vehicle can be detected based 
on the steering angle of a steering wheel, the yaw rate, and the 
data obtained by a car navigation system or the like. 

Fig. 13 is a flowchart illustrating procedures performed for the 
above -described processing. The processing is performed, following 
the processing procedures described in the first preferred 
embodiment, as shown in Fig. 5, 

First, it is determined whether or not the above -described 
continuous stationary object exists, and an area including the 
continuous stationary object is calculated (s21 s22) . Then, it is 
determined whether or not a moving object falsely exists in the area 
of the continuous stationary object (s23) . A combination (pairing) 
indicating that the moving object falsely exists in the area of the 
continuous stationary object is determined to be mis2.pairing, and 
pairing is performed again, so as to avoid performing such pairing 
(s24) . 

Further, where a moving object falsely exists beyond the area of 
a continuous stationary object, the detection result of the object 
is removed (s25) . After that, data on a new detection result is 
generated and transmitted to the host system (s26) . 

As described above, the present invention allows for extracting 
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of a pair that is a combination of projection portions observed in 
the frequency spectrums of beat signals in an ascending-modulation 
section and a descending-modulation section on the priority basis, 
where the frequency difference between the projection portions 
corresponds to a stationary object. Therefore, the stationary 
object can be easily detected and other objects other than the 
stationary object, such as vehicles traveling ahead, can be detected 
with increased otability reliability and accuracy . 

Further, according to various preferred embodiments of the 
present invention, relating to the coincidence of the signal 
intensity of a first projection portion observed in the frequency 
spectrum of a beat signal in the ascending-modulation section and 
that of a second projection portion observed in the frequency 
spectrum of a beat signal in the descending-modulation section, a 
weight is assigned to the signal -intensity coincidence of the pair 
showing the frequency difference corresponding to the stationary 
object. Therefore, the mis^pairing probability is 
rclativcly siqnif icantly reduced and a pair generated by the 
stationary object can be detected with increased 
stability reliability and accuracy . 

Further, according to various preferred embodiments of the 
present invention, the beam azimuth of a transmission signal is 
changed over a predetermined scanning range, the coincidence of 
azimuths of the first and second projection portions is calculated, 
a combination showing high , coincidence is extracted on the a 
priority basis- as a pair, and a high weight is assigned to the 
azimuth coincidence of a pair showing the frequency difference 
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corresponding to the stationary object. Subsequently, the misj^ 
pairing probability is relatively reduced and the pair generated by 
the stationary object can be detected with increased 
otability reliability and accuracy . 

Similarly, where a pair showing high coincidence of signal - 
intensity profiles in the azimuth direction is extracted on the a 
priority basis, a high weight is assigned to the azimuth coincidence 
of a pair showing the frequency difference corresponding to the 
stationary object. Therefore, the mis^pairing probability is 
relatively reduced and the pair generated by the stationary object 
can be detected with increased stability. 

Further, according to various preferred embodiments of the 
present invention, a continuous stationary object is determined 
based on the continuity of the azimuth direction or distance 
direction of a pair showing the frequency difference corresponding 
to the stationary object. Therefore, the areas of continuous 
stationary objects forming the majority of detected objects can be 
detected with stability and moving objects such as vehicles 
traveling relatively ahead can be detected with stability. 

Further, according to various preferred embodiments of the 
present invention, where a moving object is falsely detected in the 
area of the continuous stationary object, a pair an extracted pair 
corresponding thereto is determined to be an error. Therefore, 
pair-extraction errors are reduced with increased 
atabilit y reliability . 

Further, according to various preferred embodiments of the 
present invention, where an object is detected beyond the continuous 



stationary object, the detection result is not output. Therefore, 
it becomes possible to output only a significant object of detected 
objects to the host system, reduce the entire data processing amount, 
and perform processing based on the detection result with high speed. 

Industrial Applicability 

Thus, the radar of various preferred embodiments of the present 
invention can easily detect a stationary object and search for an 
object other than the stationary object, such as a vehicle traveling 
ahead, with increased stabilit y reliability and accuracy . 
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